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specific to REDD+, and discuss how old and new knowledge can contribute towards integrated
monitoring. We observe that there are many challenges, but strong advantages, in an integrated
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additional measures. The application of mixed methods in data collection can foster integration, in
particular from the local level upwards. However, this requires greater coordination at the higher
levels to efficiently upscale multiple data streams. The unequal standpoint of carbon, social and
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Towards integrated monitoring of REDD+

Abstract

Monitoring socioecological impacts of policy interventions aimed at changing land-use practices is a
major challenge in sustainable development and conservation. Reducing emissions from deforestation and
forest degradation (REDD+) intends to compensate local stakeholders for demonstrated carbon emission
reduction and increased removals accounted for internationally, whilst promoting social and
environmental benefits locally. Thus, monitoring REDD+ inherently requires the use of interdisciplinary
data at different scales. Forest carbon monitoring, central to REDD+, is considerably advanced, yet the
progress on social and environmental monitoring systems is uneven. We argue that scalar and
interdisciplinary integration of REDD+ monitoring is crucial to uncover and understand trade-offs and
synergies on which effectiveness, efficiency and equity of REDD+ may depend.

We review previous efforts in integrating environmental and social monitoring, as well as efforts specific
to REDD+, and discuss how old and new knowledge can contribute towards integrated monitoring. We
observe that there are many challenges, but strong advantages, in an integrated monitoring approach. The
current emergence of diverging standards and methodologies with narrow focus can inform future
integrative efforts but could, in the long run, hinder coherence in national processes. We conclude that
recent technological advances open new opportunities to integrate information across scale and
disciplines, leveraging and combining existing data with targeted additional measures. The application of
mixed methods in data collection can foster integration, in particular from the local level upwards.
However, this requires greater coordination at the higher levels to efficiently upscale multiple data
streams. The unequal standpoint of carbon, social and environmental monitoring efforts provide a timely
opportunity to promote integration, learn from advances in carbon monitoring, and build on existing and

emerging platforms and tools that are locally to globally relevant.
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Background

Reducing Emissions from Deforestation and forest Degradation plus enhancing forest carbon stocks
(REDD+) has rapidly evolved from a climate change mitigation tool into a complex policy framework [1].
REDD+ now encompasses a broader view on forest conservation, enhancement of rural livelihoods
through sustainable development and practices, while maintaining its original function of forest-based
climate change mitigation. In particular, non-carbon outcomes (risks and co-benefits) have been at the
forefront of the discussions on scope and breath of REDD+. The extent to which REDD+ should or should
not be inclusive of further environmental [2*,3] or social objectives proposed [4,5], and how best to
measure these multiple objectives, has become in itself a topic of discussion and research [1]. An initial
focus on safeguarding social and environmental impacts of REDD+, embodied in the Cancun Agreements
(Decision 1/CP.16) of the United Nations Framework Convention on Climate Change (UNFCCC), has
more recently evolved into including non-carbon values as critical to both the legitimacy and effectiveness
of REDD+ [6*]. This view was reinforced at the Conference of the Parties in Warsaw 2013 (COP19), with
the decision for “incentivizing non-carbon benefits for the long-term sustainability of the implementation

of the activities” and obliging countries to report on safeguards (Decision 1/CP.19).

This shift towards multiple objectives and increased complexity is therefore the result of a rich debate that
accompanied the inception of REDD+, involving a wide range of stakeholders with different priorities and
concerns. Research on early REDD+ activities has also demonstrated that REDD+ is inherently a
“complex multilevel and multi-stakeholder process that tends to fulfil multiple goals beyond emission
reduction” [6*]. Such conditions require inclusion of actors within and outside of the forest sector, and
connections between local and global interests, which make REDD+ implementation challenging [7*,8*].
Importantly, many of these challenges are tightly linked to the ability to monitor and assess the impact of
policies and ground-interventions over time to avoid unintended consequences. To monitor the impacts of
REDD+, there must be clarity on what to measure, at what scale and effort, along with a clear pathway of

reporting from local to international levels.

Advances in the development of systems for forest carbon monitoring elucidate the difficulties of linking
local activities to carbon outcomes and including them in a seamless structure of reporting across levels
[9]. Despite much financial and institutional investment and progress, a number of issues are still not fully
overcome, from technical (e.g. detecting and quantifying small scale deforestation and degradation

[10,11]) to differences in national capacity [11,12] and reporting objectives [13*,14*]. Similar challenges
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also burden social and environmental monitoring. For instance, the text related to the Cancun safeguards
has been criticized for the lack of clear language and the binding development of performance indicators
[15]. Yet, a balanced international guidance on how to measure and report on safeguards with respect for
national sovereignty and minimizing transaction costs [16*] is needed. Developing scalable systems that

satisfy the needs of stakeholders at each particular level, remains difficult.

As a result of the complexity of methods and technologies, compounded by competing agendas of the
myriad of interest groups involved in REDD+, emerging monitoring efforts (such as third party standards)
tend to focus on either carbon or non-carbon benefits and show limited integration across scales. A
question arises on whether multiple, parallel and diverging monitoring choices will contribute to further
isolate disciplinary camps and exacerbate scalar. Disciplinary and scale ‘silos’ present the core challenge
in our ability to measure, understand and act upon processes interconnected in both dimensions. Integrated
monitoring is essential for accurately assessing the trade-offs and synergies between effectiveness,
efficiency and equity, understand methodological shortcomings and inform policy choices. While we
recognize that focused, disciplinary approaches have contributed if not driven the REDD+ progress to date
(e.g. carbon accounting), integration among carbon, social and environmental monitoring is needed to
achieve more holistic outcomes. In this paper, we summarize the current key issues facing monitoring in
REDD+ and discuss how integrated monitoring can be promoted by building on existing knowledge and

emerging research.

Key data sources and gaps

In the UNFCCC framework, REDD+ emission reduction estimates are to be reported nationally to make
countries eligible for performance-based payments. The UNFCCC recommends a step-wise approach for
emission reduction assessments to allow flexibility in using available data (as starting point), improving
capacities, and reducing uncertainties over time (moving up in different tiers of estimating carbon stock

changes); a pathway that may vary depending on country circumstances [17].

The step-wise approach is a pragmatic solution to different national capacities and contexts, and is
conceptually well formulated. However, its strength in terms of promoting best methodological practices,
and provisioning data resources weakens as it moves to higher tiers (i.e. in the context of estimating
carbon stock changes), as visualized in three color zones in Figure 1. For Tier 1 carbon stock data, default
values are available for all countries, there are clear best practices and methods, and reporting back to the
UNFCCC system is found to be less complicated (green zone). However, moving from Tier 1 to Tier 2,

3
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where data are collected within country, best practices are well documented, methodological choices are
reasonably given, but data are limitedly available (grey zone). Tier 3 includes more detailed data on the
relevant changes and process, where best practices are reasonably available, but methods and data are
limited or often not available. Robust data is the basis for good reporting, but clear gaps exist in many
developing countries [13*]; moreover, countries and other actors tend to shy away from taking on
additional monitoring tasks in situations where key datasets are missing and basic capacities need to be
established first.

[Figure 1]

The tiered model strictly relates to reporting of emission reductions, but the decreasing clarity on
guidelines and practices with higher-order data is even more exacerbated for social and environmental
monitoring. In principle, this situation underscores the difficulty in gaining detailed knowledge and yet
maintaining a clear pathway for aggregated reporting. Additionally, the groups collecting data on carbon
versus non-carbon outcomes of REDD+ are largely disconnected. For carbon monitoring, activity data and
emission factors are most relevant. Data for social monitoring include rights, participation and livelihood
benefits, and environmental monitoring requires data for biodiversity, soil, water and other ecosystem
services. Scale- and discipline related challenges are therefore formidable; attempts for cross-scale and
cross-disciplinary integration in REDD+ monitoring are, not surprisingly, largely absent. However, the
requirements to build National Forest Monitoring Systems for many developing countries with current low
capacity and structures in place, also presents a great opportunity to build on integration of activities and

data for monitoring from the early stages.

Old challenges and new prospects for integrated monitoring

Integration of socioeconomic and biophysical information in spatially explicit, scalable manner to inform
monitoring and implementation is a long standing challenge that predates REDD+. Since the 1990s, there
has been an increasing acknowledgement that linking remote sensing science, typically applied to
biophysical studies, and social science, can create synergies for understanding complex human-ecological
systems. Remote sensing allows for cross-scale and time series analyses on socially relevant data [18].
Models combining remote sensing and ground-based social data can help to understand complex land-use
change dynamics [19].
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Nonetheless, the theory is sobered by the practical implications of combining two profoundly different
scientific traditions. Variables in which social scientists are interested are not readily measurable from
space; whilst remote sensing targets “where” a phenomena occurs, the social dimension is usually
interested in “what” or “why” such phenomena occur, and may or may not be expressed as a function of
space and place. Moreover, jointly modeling biophysical and socioeconomic variables is challenged by
temporal lags and spatial-diffusion processes; the processes themselves can be buffered, amplified,
inverted, or otherwise transformed before the resulting change in the landscape can be seen and measured
[20]. The difficulty in linking individual decisions to emerging changes in land use and land cover [20] is

particularly relevant to impact attribution of REDD+ interventions.

The following key issues outlined by Lausch et al. [21] summarize the main obstacles:

» standardized data processing techniques, which are vital for the spatial and temporal comparability of
results;

+ the selection of a manageable set of indicators which embraces the structural properties of landscapes;
and

 the choice of appropriate spatial units which allow for an integration of indicators (which tend to relate
to cross-border phenomena) and socio-economic indicators (which are usually available for

administrative entities or areas).

Recent research, both within and outside REDD+, have drastically improved our ability to tackle these
challenges through advances in technology and methods. A recently published global map of forest cover
change, also referred to as the Hansen data [22**] is a staggering example of recent progress, despite
critiques for missing important local context related details [23-25]. The World Resources Institute’s
Forest Watch (http://www.globalforestwatch.org), built on a related web-based platform, integrated
further information layers beyond forest cover: it allows spatial registration of non-spatial data, on a user-
friendly interface accessible to non-spatial analysts. Such products are a testimony to the possibility of
collecting and presenting information free of scale constraints, albeit also underlining the challenges in
maintaining fine scale accuracy. Similarly, there is a recent emergence of several toolkits aiming at
facilitating managing and policy making at jurisdictional or landscape scale, through the spatially-explicit
representation of multidisciplinary data [26-31*]. Typically, toolkits to support decision making differ in
their specific data requirements with respect to integrated monitoring over time. However, they do provide

progress and insights in how scale-robust indicators can be developed in an integrated way.
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For several years, the Food and Agriculture Organization of the United Nations (FAO) has also advanced
integrated socioeconomic and biophysical data collection strategies through National Forest Inventories
(NFIs) and National Forestry Monitoring Assessments (NFMAS). These initiatives focus on monitoring
the state and changes of forests, and on their social, economic and environmental functions. Further, they
aim to build national capacities and harmonize methods, forest related definitions and classification
systems among countries. These approaches have been deployed in countries across the tropics, and have
produced mixed biophysical and socioeconomic data that are directly relevant to REDD+ monitoring. The
World Bank’s Poverty Mapping provides a spatially explicit combination of census and household-level
data towards informing policies that are better tailored to local conditions [32], leveraging secondary and
primary datasets to achieve cross-scale integration of social monitoring. A variety of national-level
secondary datasets are publicly available, such as the World Bank’s Living Standards Measurement and
various demographic and health surveys, data that can be complemented by primary data collection in the

field to develop and test indicators for cross-scale aggregated reporting in the context of REDD+.

Promising innovation also comes from the Sustainable Amazon Network initiative [33**], which is
developing tools to achieve cross-scale, multidisciplinary assessment of tropical land use change; the
study aims to quantify ecological consequences of forest clearance, forest degradation and exploitation,
and agricultural change at different spatial scales. The authors argue that research has often concentrated
either on very broad scale (i.e the Amazon basin), which often depends upon very coarse-scale data, or on
detailed work on a few intensively studied research sites, which misses the variability in environmental
and land-use gradients that drive much social and ecological change. As an alternative, the authors
propose that more work is needed at the ‘mesoscale’ level, to respect “the importance of both local (farm)
and regional (state and biome) processes and objectives in a way that work focused on either smaller or

larger scales cannot readily achieve” [33**, p. 5].

Building effective multi-sector and interdisciplinary research and or monitoring programmes at large
spatial scales remains one of the most difficult challenges facing sustainability science. However, existing
knowledge shows that the application of mixed methods at multiple scales in social and environmental
monitoring can lead more accurate understanding of cross-scale processes, and provide entry points for
disciplinary integration that remains largely unexplored. REDD+ is currently playing a key role in the
theoretical and practical advances in this field. Building on old and new available knowledge [34*,35],
REDD+ can harness opportunities for further progress that lie within reach to achieve integrated

monitoring (Figure 2).
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Integration across scales and disciplines in REDD+ monitoring

[Figure 2].

Innovative approaches to tackling scale issues can also be found in recent, REDD+ specific efforts. The
experience of carbon accounting of specific REDD+ implementation activities suggests that reporting
needs to take a bottom-up approach where local level emission reduction estimates are assimilated and
verified at the subnational level, further fed into the national system where they are verified and reported
to the UNFCCC internationally. This nesting and verification is important to make sure that there are no
omissions, leakage, double counting and overlapping claims over carbon rights occurring at any scale of

the jurisdictions and consistency with national greenhouse gas (GHG) inventory.

As part of this recognized necessity of locally driven, bottom-up approach, community-based MRV s
potential has recently been explored in a number of initiatives [36**]. Community-based monitoring
(CBM) is proving useful for ground-truthing of remote-sensed data. In Guyana, such a CBM effort has
helped uncover large amounts of false-positives (areas defined as deforested when forest is still standing)
from LANDSAT data [37**]. In a similar case in Panama researchers found discrepancies between fine-
scale Rapideye satellite imagery and data from the field [38*]. Conversely, remote sensing was more
accurate in characterizing specific land cover types such as short fallows. In another study, Pratihast et al.
[39**] suggest that combined CBM and remote sensing is proving an efficient way to gain detailed
knowledge at different scales. Remote sensing retains a primary role in detecting where (location) and
how much (area) change is happening, whilst community-collected data can best inform the timing and
drivers of degradation, therefore providing resolution on spatio-temporal lags. These studies demonstrate
how scalar data integration, in particular local data feeding into large scale data acquisition, can improve
the overall quality by building on complementarity of their different strengths. Data on human activities
that affect forests are useful for both biophysical and socio-economic monitoring, and therefore amenable
to cooperation and deployment of mixed-approaches. The authors also underline that well-trained
community members, supported by advancing hand-held technology, can cost-effectively achieve data

quality comparable to expert observation.

Community based monitoring also highlights innovations in integrated monitoring of environmental and

social co-benefits, with initiatives that rely on local stakeholders’ involvement to explicitly link
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socioeconomic and biophysical data collection. In a CBM project in Guyana, community members were
trained to collect data on ‘co-benefits’, including forest product harvests and community well-being,
alongside ground-truthing spatial information [37**]. Boissiere et al. [40*] describe an innovative
community-based strategy that combines remote sensing, ground-truthing of biophysical data, socio-
economic data collection, and also multilevel governance research - an interdisciplinary approach to
monitoring across scales that deserves further attention. In principle however, scaling up of environmental
and socioeconomic information can follow the same route of carbon MRV: local data collection, although
not always simple to achieve [41], can complement and improve larger scale datasets. Similarly as global
maps of forest cover change, comprehensive spatial data on global biodiversity distribution and threats are
becoming available [42**43], accessible online (www.biodiversitymapping.org) and there are clear

connections between these products. Datasets measuring changes in forest carbon emissions can be used
to assess changes in biodiversity, water and soil resources. Integration of carbon and environmental
objectives at the design stage, can help modulate and optimize the balance between carbon and co-benefits
[44,45], help clarify monitoring needs and improve project performance.

Environmental data is typically not tied to political and jurisdictional borders; as a consequence, these data
are somewhat less bound to national ownership where capacity is low. They are more reliant on high-level
frameworks, in particular the Convention on Biological Diversity and the Intergovernmental Platform on
Biodiversity and Ecosystem Services. A three-tiered approach reflecting different national capacities,
similarly to carbon, has also been proposed for integrating biodiversity concerns in REDD+, further
calling for greater coordination between UNFCCC and IPCC [34*]. By contrast, socioeconomic
monitoring is often tightly linked to sub-national jurisdictions and ultimately national borders. Integration
between socioeconomic and environmental monitoring therefore needs to resolve issues of potentially

divergent boundaries of analysis.

Adopting a stepwise approach for environmental monitoring, dovetailing with socioeconomic reporting at
the national scale could provide the common base needed. As exemplified by Bellfield et al. [37**], local
level data collection can serve as starting point for integrating different disciplines, but can only become
effective through greater coordination on the upscaling of these data streams between the national and
international level. While the rules for estimation and accounting can vary for the different objectives and
scales, the same data can often serve multiple objectives. The diversity in integrated monitoring standards
and accounting rules are, thus, much less related to variability in underlying data than in rules to analyze
and assess them. The combination of locally-led field measurements, remote sensing and spatial

registration of non-spatial data holds great potential for achieving scalar and disciplinary integration, but

8
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requires a common language and common ground (in terms of data), and the development of performance
indicators that are: i) easy to understand; ii) applicable at multiple scales; iii) applicable to any location;
iv) efficient to measure and monitor; v) sustainable in providing data; and vi) able to be improved over
time [14*].

Conclusions:

In this paper, we describe the challenges and opportunities for implementing multi-scalar and
interdisciplinary monitoring for REDD+ activities. Integrated monitoring is needed to understand the
trade-offs and synergies among these multiple objectives of REDD+, as these cannot be captured at just
one scale, or with just one methodology. Ultimately, better understanding these trade-offs and synergies is
critical to reducing emissions whilst meeting other environmental and social objectives effectively,

efficiently, and equitably.

The proliferation of agenda- or topic-specific monitoring standards reflects both the need for
experimentation and interpretation within existing high-level frameworks. While this diversity provides a
rich set of options and experiences to learn from, we urge caution around their congruence with national
objectives. We recognize that it will not always be efficient or even desirable to integrate scale and
discipline, and that the degree of integration that is appropriate depends on the specific objectives of the
monitoring effort. However, as monitoring needs to move towards national ownership, the most context-
appropriate lessons from these standards must be incorporated into unified and integrated national
monitoring systems. REDD+ is emerging in a world of “big data”, with notable efforts to create global
and/or pan-tropical interdisciplinary datasets, and technological progress supporting efforts to better
understand both biophysical processes and human-environment interactions. However, there is a still a
common disconnect between the widely-available large area data on forest change derived from remote
sensing, and the fine-scale data needed to monitor forest degradation processes and changes in social and
environmental conditions. Integrated monitoring needs to take advantage of the multiple data streams (i.e.
field measurements and remote sensing data analysis, or global datasets for national-level use, national

inventories, etc.), and use them for inter-calibration and validation.

Research needs to promote conditions where integration is clearly an opportunity rather than an additional

burden. Further work is needed to achieve complementarity of data collected at different scales and
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through different methods. Analysis of different monitoring systems needs to clarify how synergies
between coarse and fine scale data can be realized to capture local processes and outcomes for aggregated
reporting at broader scales. In this context, the potential for community-based assessments of joint social

and environmental conditions to foster disciplinary integration remains largely unexplored.

As the international community demands tangible measures to stabilize the climate system, countries need
to produce transparent, accurate and comparable estimates of emission reductions. As these objectives
must be achieved while respecting social and environmental values over time, integrated monitoring for
climate change mitigation strategies impact across jurisdictions for REDD+ and beyond is a pressing

necessity.
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Figure 1. The strength of the Stepwise system in explaining best practices, recommending methodological choices and
provisioning data resources. The green zone shows all three components in the monitoring system are well developed to address
the reporting requirements, grey zone point out limited guidance on methodological choices and provisioning of data, and the
red zone indicate sparsely distributed best practices, methods and data.

Figure 2. Opportunities for disciplinary (color zones for carbon MRV, environmental and social monitoring) and scalar
(parallel layers, from global, to national and local level moving outwards) integration for REDD+ monitoring. The colored
concepts and arrows represent current and potential areas for cross-scale integration of monitoring within the corresponding
disciplinary domain. Black arrows and concepts show opportunities for disciplinary integration. We propose that scalar
integration can be achieved through the complementary use of fine- and coarse scale data, with local data collection used to
calibrate, validate and update remote sensing data (for carbon) and spatially-explicit social and environmental data. Disciplinary
integration can also be promoted at the local level. Experiences with community-based monitoring of social (e.g wellbeing,
equity) and environmental outcomes (e.g biodiversity surveys, perception changes in ecosystem services) further than carbon
monitoring (biomass surveys, degradation activities) remain limited but show great potential. We argue that human activity data
provides the needed common ground for assessing interdisciplinary phenomena beyond land use and forest cover change. A
major challenge remains in the coordination of upscaling these data between stakeholders with different focus and priorities at

the national and international level.
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Towards integrated monitoring of REDD+

Abstract

Monitoring socioecological impacts of policy interventions aimed at changing land-use practices is a
major challenge in sustainable development and conservation. Reducing emissions from deforestation and
forest degradation (REDD+) intends to compensate local stakeholders for demonstrated carbon emission
reduction and increased removals accounted for internationally, whilst promoting social and
environmental benefits locally. Thus, monitoring REDD+ inherently requires the use of interdisciplinary
data at different scales. Forest carbon monitoring, central to REDD+, is considerably advanced, yet the
progress on social and environmental monitoring systems is uneven. We argue that scalar and
interdisciplinary integration of REDD+ monitoring is crucial to uncover and understand trade-offs and
synergies on which effectiveness, efficiency and equity of REDD+ may depend.

We review previous efforts in integrating environmental and social monitoring, as well as efforts specific
to REDD+, and discuss how old and new knowledge can contribute towards integrated monitoring. We
observe that there are many challenges, but strong advantages, in an integrated monitoring approach. The
current emergence of diverging standards and methodologies with narrow focus can inform future
integrative efforts but could, in the long run, hinder coherence in national processes. We conclude that
recent technological advances open new opportunities to integrate information across scale and
disciplines, leveraging and combining existing data with targeted additional measures. The application of
mixed methods in data collection can foster integration, in particular from the local level upwards.
However, this requires greater coordination at the higher levels to efficiently upscale multiple data
streams. The unequal standpoint of carbon, social and environmental monitoring efforts provide a timely
opportunity to promote integration, learn from advances in carbon monitoring, and build on existing and

emerging platforms and tools that are locally to globally relevant.


http://ees.elsevier.com/cosust/viewRCResults.aspx?pdf=1&docID=566&rev=2&fileID=15563&msid={E92C05DB-82DC-4645-A41F-B0BD55F48219}

O©CO~NOOOTA~AWNPE

Background

Reducing Emissions from Deforestation and forest Degradation plus enhancing forest carbon stocks
(REDD+) has rapidly evolved from a climate change mitigation tool into a complex policy framework [1].
REDD+ now encompasses a broader view on forest conservation, enhancement of rural livelihoods
through sustainable development and practices, while maintaining its original function of forest-based
climate change mitigation. In particular, non-carbon outcomes (risks and co-benefits) have been at the
forefront of the discussions on scope and breath of REDD+. The extent to which REDD+ should or should
not be inclusive of further environmental [2*,3] or social objectives proposed [4,5], and how best to
measure these multiple objectives, has become in itself a topic of discussion and research [1]. An initial
focus on safeguarding social and environmental impacts of REDD+, embodied in the Cancun Agreements
(Decision 1/CP.16) of the United Nations Framework Convention on Climate Change (UNFCCC), has
more recently evolved into including non-carbon values as critical to both the legitimacy and effectiveness
of REDD+ [6*]. This view was reinforced at the Conference of the Parties in Warsaw 2013 (COP19), with
the decision for “incentivizing non-carbon benefits for the long-term sustainability of the implementation

of the activities” and obliging countries to report on safeguards (Decision 1/CP.19).

This shift towards multiple objectives and increased complexity is therefore the result of a rich debate that
accompanied the inception of REDD+, involving a wide range of stakeholders with different priorities and
concerns. Research on early REDD+ activities has also demonstrated that REDD+ is inherently a
“complex multilevel and multi-stakeholder process that tends to fulfil multiple goals beyond emission
reduction” [6*]. Such conditions require inclusion of actors within and outside of the forest sector, and
connections between local and global interests, which make REDD+ implementation challenging [7*,8*].
Importantly, many of these challenges are tightly linked to the ability to monitor and assess the impact of
policies and ground-interventions over time to avoid unintended consequences. To monitor the impacts of
REDD+, there must be clarity on what to measure, at what scale and effort, along with a clear pathway of

reporting from local to international levels.

Advances in the development of systems for forest carbon monitoring elucidate the difficulties of linking
local activities to carbon outcomes and including them in a seamless structure of reporting across levels
[9]. Despite much financial and institutional investment and progress, a number of issues are still not fully
overcome, from technical (e.g. detecting and quantifying small scale deforestation and degradation

[10,11]) to differences in national capacity [11,12] and reporting objectives [13*,14*]. Similar challenges
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also burden social and environmental monitoring. For instance, the text related to the Cancun safeguards
has been criticized for the lack of clear language and the binding development of performance indicators
[15]. Yet, a balanced international guidance on how to measure and report on safeguards with respect for
national sovereignty and minimizing transaction costs [16*] is needed. Developing scalable systems that

satisfy the needs of stakeholders at each particular level, remains difficult.

As a result of the complexity of methods and technologies, compounded by competing agendas of the
myriad of interest groups involved in REDD+, emerging monitoring efforts (such as third party standards)
tend to focus on either carbon or non-carbon benefits and show limited integration across scales. A
question arises on whether multiple, parallel and diverging monitoring choices will contribute to further
isolate disciplinary camps and exacerbate scalar. Disciplinary and scale ‘silos’ present the core challenge
in our ability to measure, understand and act upon processes interconnected in both dimensions. Integrated
monitoring is essential for accurately assessing the trade-offs and synergies between effectiveness,
efficiency and equity, understand methodological shortcomings and inform policy choices. While we
recognize that focused, disciplinary approaches have contributed if not driven the REDD+ progress to date
(e.g. carbon accounting), integration among carbon, social and environmental monitoring is needed to
achieve more holistic outcomes. In this paper, we summarize the current key issues facing monitoring in
REDD+ and discuss how integrated monitoring can be promoted by building on existing knowledge and

emerging research.

Key data sources and gaps

In the UNFCCC framework, REDD+ emission reduction estimates are to be reported nationally to make
countries eligible for performance-based payments. The UNFCCC recommends a step-wise approach for
emission reduction assessments to allow flexibility in using available data (as starting point), improving
capacities, and reducing uncertainties over time (moving up in different tiers of estimating carbon stock

changes); a pathway that may vary depending on country circumstances [17].

The step-wise approach is a pragmatic solution to different national capacities and contexts, and is
conceptually well formulated. However, its strength in terms of promoting best methodological practices,
and provisioning data resources weakens as it moves to higher tiers (i.e. in the context of estimating
carbon stock changes), as visualized in three color zones in Figure 1. For Tier 1 carbon stock data, default
values are available for all countries, there are clear best practices and methods, and reporting back to the
UNFCCC system is found to be less complicated (green zone). However, moving from Tier 1 to Tier 2,

3
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where data are collected within country, best practices are well documented, methodological choices are
reasonably given, but data are limitedly available (grey zone). Tier 3 includes more detailed data on the
relevant changes and process, where best practices are reasonably available, but methods and data are
limited or often not available. Robust data is the basis for good reporting, but clear gaps exist in many
developing countries [13*]; moreover, countries and other actors tend to shy away from taking on
additional monitoring tasks in situations where key datasets are missing and basic capacities need to be
established first.

[Figure 1]

The tiered model strictly relates to reporting of emission reductions, but the decreasing clarity on
guidelines and practices with higher-order data is even more exacerbated for social and environmental
monitoring. In principle, this situation underscores the difficulty in gaining detailed knowledge and yet
maintaining a clear pathway for aggregated reporting. Additionally, the groups collecting data on carbon
versus non-carbon outcomes of REDD+ are largely disconnected. For carbon monitoring, activity data and
emission factors are most relevant. Data for social monitoring include rights, participation and livelihood
benefits, and environmental monitoring requires data for biodiversity, soil, water and other ecosystem
services. Scale- and discipline related challenges are therefore formidable; attempts for cross-scale and
cross-disciplinary integration in REDD+ monitoring are, not surprisingly, largely absent. However, the
requirements to build National Forest Monitoring Systems for many developing countries with current low
capacity and structures in place, also presents a great opportunity to build on integration of activities and

data for monitoring from the early stages.

Old challenges and new prospects for integrated monitoring

Integration of socioeconomic and biophysical information in spatially explicit, scalable manner to inform
monitoring and implementation is a long standing challenge that predates REDD+. Since the 1990s, there
has been an increasing acknowledgement that linking remote sensing science, typically applied to
biophysical studies, and social science, can create synergies for understanding complex human-ecological
systems. Remote sensing allows for cross-scale and time series analyses on socially relevant data [18].
Models combining remote sensing and ground-based social data can help to understand complex land-use
change dynamics [19].
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Nonetheless, the theory is sobered by the practical implications of combining two profoundly different
scientific traditions. Variables in which social scientists are interested are not readily measurable from
space; whilst remote sensing targets “where” a phenomena occurs, the social dimension is usually
interested in “what” or “why” such phenomena occur, and may or may not be expressed as a function of
space and place. Moreover, jointly modeling biophysical and socioeconomic variables is challenged by
temporal lags and spatial-diffusion processes; the processes themselves can be buffered, amplified,
inverted, or otherwise transformed before the resulting change in the landscape can be seen and measured
[20]. The difficulty in linking individual decisions to emerging changes in land use and land cover [20] is

particularly relevant to impact attribution of REDD+ interventions.

The following key issues outlined by Lausch et al. [21] summarize the main obstacles:

« standardized data processing techniques, which are vital for the spatial and temporal comparability of
results;

+ the selection of a manageable set of indicators which embraces the structural properties of landscapes;
and

 the choice of appropriate spatial units which allow for an integration of indicators (which tend to relate
to cross-border phenomena) and socio-economic indicators (which are usually available for

administrative entities or areas).

Recent research, both within and outside REDD+, have drastically improved our ability to tackle these
challenges through advances in technology and methods. A recently published global map of forest cover
change, also referred to as the Hansen data [22**] is a staggering example of recent progress, despite
critiques for missing important local context related details [23-25]. The World Resources Institute’s
Forest Watch (http://www.globalforestwatch.org), built on a related web-based platform, integrated
further information layers beyond forest cover: it allows spatial registration of non-spatial data, on a user-
friendly interface accessible to non-spatial analysts. Such products are a testimony to the possibility of
collecting and presenting information free of scale constraints, albeit also underlining the challenges in
maintaining fine scale accuracy. Similarly, there is a recent emergence of several toolkits aiming at
facilitating managing and policy making at jurisdictional or landscape scale, through the spatially-explicit
representation of multidisciplinary data [26—-31*]. Typically, toolkits to support decision making differ in
their specific data requirements with respect to integrated monitoring over time. However, they do provide

progress and insights in how scale-robust indicators can be developed in an integrated way.
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For several years, the Food and Agriculture Organization of the United Nations (FAO) has also advanced
integrated socioeconomic and biophysical data collection strategies through National Forest Inventories
(NFIs) and National Forestry Monitoring Assessments (NFMAS). These initiatives focus on monitoring
the state and changes of forests, and on their social, economic and environmental functions. Further, they
aim to build national capacities and harmonize methods, forest related definitions and classification
systems among countries. These approaches have been deployed in countries across the tropics, and have
produced mixed biophysical and socioeconomic data that are directly relevant to REDD+ monitoring. The
World Bank’s Poverty Mapping provides a spatially explicit combination of census and household-level
data towards informing policies that are better tailored to local conditions [32], leveraging secondary and
primary datasets to achieve cross-scale integration of social monitoring. A variety of national-level
secondary datasets are publicly available, such as the World Bank’s Living Standards Measurement and
various demographic and health surveys, data that can be complemented by primary data collection in the

field to develop and test indicators for cross-scale aggregated reporting in the context of REDD+.

Promising innovation also comes from the Sustainable Amazon Network initiative [33**], which is
developing tools to achieve cross-scale, multidisciplinary assessment of tropical land use change; the
study aims to quantify ecological consequences of forest clearance, forest degradation and exploitation,
and agricultural change at different spatial scales. The authors argue that research has often concentrated
either on very broad scale (i.e the Amazon basin), which often depends upon very coarse-scale data, or on
detailed work on a few intensively studied research sites, which misses the variability in environmental
and land-use gradients that drive much social and ecological change. As an alternative, the authors
propose that more work is needed at the ‘mesoscale’ level, to respect “the importance of both local (farm)
and regional (state and biome) processes and objectives in a way that work focused on either smaller or

larger scales cannot readily achieve” [33**, p. 5].

Building effective multi-sector and interdisciplinary research and or monitoring programmes at large
spatial scales remains one of the most difficult challenges facing sustainability science. However, existing
knowledge shows that the application of mixed methods at multiple scales in social and environmental
monitoring can lead more accurate understanding of cross-scale processes, and provide entry points for
disciplinary integration that remains largely unexplored. REDD+ is currently playing a key role in the
theoretical and practical advances in this field. Building on old and new available knowledge [34*,35],
REDD+ can harness opportunities for further progress that lie within reach to achieve integrated

monitoring (Figure 2).
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Integration across scales and disciplines in REDD+ monitoring

[Figure 2].

Innovative approaches to tackling scale issues can also be found in recent, REDD+ specific efforts. The
experience of carbon accounting of specific REDD+ implementation activities suggests that reporting
needs to take a bottom-up approach where local level emission reduction estimates are assimilated and
verified at the subnational level, further fed into the national system where they are verified and reported
to the UNFCCC internationally. This nesting and verification is important to make sure that there are no
omissions, leakage, double counting and overlapping claims over carbon rights occurring at any scale of

the jurisdictions and consistency with national greenhouse gas (GHG) inventory.

As part of this recognized necessity of locally driven, bottom-up approach, community-based MRV s
potential has recently been explored in a number of initiatives [36**]. Community-based monitoring
(CBM) is proving useful for ground-truthing of remote-sensed data. In Guyana, such a CBM effort has
helped uncover large amounts of false-positives (areas defined as deforested when forest is still standing)
from LANDSAT data [37**]. In a similar case in Panama researchers found discrepancies between fine-
scale Rapideye satellite imagery and data from the field [38*]. Conversely, remote sensing was more
accurate in characterizing specific land cover types such as short fallows. In another study, Pratihast et al.
[39**] suggest that combined CBM and remote sensing is proving an efficient way to gain detailed
knowledge at different scales. Remote sensing retains a primary role in detecting where (location) and
how much (area) change is happening, whilst community-collected data can best inform the timing and
drivers of degradation, therefore providing resolution on spatio-temporal lags. These studies demonstrate
how scalar data integration, in particular local data feeding into large scale data acquisition, can improve
the overall quality by building on complementarity of their different strengths. Data on human activities
that affect forests are useful for both biophysical and socio-economic monitoring, and therefore amenable
to cooperation and deployment of mixed-approaches. The authors also underline that well-trained
community members, supported by advancing hand-held technology, can cost-effectively achieve data

quality comparable to expert observation.

Community based monitoring also highlights innovations in integrated monitoring of environmental and

social co-benefits, with initiatives that rely on local stakeholders’ involvement to explicitly link
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socioeconomic and biophysical data collection. In a CBM project in Guyana, community members were
trained to collect data on ‘co-benefits’, including forest product harvests and community well-being,
alongside ground-truthing spatial information [37**]. Boissiere et al. [40*] describe an innovative
community-based strategy that combines remote sensing, ground-truthing of biophysical data, socio-
economic data collection, and also multilevel governance research - an interdisciplinary approach to
monitoring across scales that deserves further attention. In principle however, scaling up of environmental
and socioeconomic information can follow the same route of carbon MRV: local data collection, although
not always simple to achieve [41], can complement and improve larger scale datasets. Similarly as global
maps of forest cover change, comprehensive spatial data on global biodiversity distribution and threats are
becoming available [42**,43], accessible online (www.biodiversitymapping.org) and there are clear

connections between these products. Datasets measuring changes in forest carbon emissions can be used
to assess changes in biodiversity, water and soil resources. Integration of carbon and environmental
objectives at the design stage, can help modulate and optimize the balance between carbon and co-benefits
[44][45], help clarify monitoring needs and improve project performance.

Environmental data is typically not tied to political and jurisdictional borders; as a consequence, these data
are somewhat less bound to national ownership where capacity is low. They are more reliant on high-level
frameworks, in particular the Convention on Biological Diversity and the Intergovernmental Platform on
Biodiversity and Ecosystem Services. A three-tiered approach reflecting different national capacities,
similarly to carbon, has also been proposed for integrating biodiversity concerns in REDD+, further
calling for greater coordination between UNFCCC and IPCC [34*]. By contrast, socioeconomic
monitoring is often tightly linked to sub-national jurisdictions and ultimately national borders. Integration
between socioeconomic and environmental monitoring therefore needs to resolve issues of potentially

divergent boundaries of analysis.

Adopting a stepwise approach for environmental monitoring, dovetailing with socioeconomic reporting at
the national scale could provide the common base needed. As exemplified by Bellfield et al. [37**], local
level data collection can serve as starting point for integrating different disciplines, but can only become
effective through greater coordination on the upscaling of these data streams between the national and
international level. While the rules for estimation and accounting can vary for the different objectives and
scales, the same data can often serve multiple objectives. The diversity in integrated monitoring standards
and accounting rules are, thus, much less related to variability in underlying data than in rules to analyze
and assess them. The combination of locally-led field measurements, remote sensing and spatial

registration of non-spatial data holds great potential for achieving scalar and disciplinary integration, but
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requires a common language and common ground (in terms of data), and the development of performance
indicators that are: i) easy to understand; ii) applicable at multiple scales; iii) applicable to any location;
iv) efficient to measure and monitor; v) sustainable in providing data; and vi) able to be improved over
time [14*].

Conclusions:

In this paper, we describe the challenges and opportunities for implementing multi-scalar and
interdisciplinary monitoring for REDD+ activities. Integrated monitoring is needed to understand the
trade-offs and synergies among these multiple objectives of REDD+, as these cannot be captured at just
one scale, or with just one methodology. Ultimately, better understanding these trade-offs and synergies is
critical to reducing emissions whilst meeting other environmental and social objectives effectively,

efficiently, and equitably.

The proliferation of agenda- or topic-specific monitoring standards reflects both the need for
experimentation and interpretation within existing high-level frameworks. While this diversity provides a
rich set of options and experiences to learn from, we urge caution around their congruence with national
objectives. We recognize that it will not always be efficient or even desirable to integrate scale and
discipline, and that the degree of integration that is appropriate depends on the specific objectives of the
monitoring effort. However, as monitoring needs to move towards national ownership, the most context-
appropriate lessons from these standards must be incorporated into unified and integrated national
monitoring systems. REDD+ is emerging in a world of “big data”, with notable efforts to create global
and/or pan-tropical interdisciplinary datasets, and technological progress supporting efforts to better
understand both biophysical processes and human-environment interactions. However, there is a still a
common disconnect between the widely-available large area data on forest change derived from remote
sensing, and the fine-scale data needed to monitor forest degradation processes and changes in social and
environmental conditions. Integrated monitoring needs to take advantage of the multiple data streams (i.e.
field measurements and remote sensing data analysis, or global datasets for national-level use, national

inventories, etc.), and use them for inter-calibration and validation.

Research needs to promote conditions where integration is clearly an opportunity rather than an additional

burden. Further work is needed to achieve complementarity of data collected at different scales and
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through different methods. Analysis of different monitoring systems needs to clarify how synergies
between coarse and fine scale data can be realized to capture local processes and outcomes for aggregated
reporting at broader scales. In this context, the potential for community-based assessments of joint social

and environmental conditions to foster disciplinary integration remains largely unexplored.

As the international community demands tangible measures to stabilize the climate system, countries need
to produce transparent, accurate and comparable estimates of emission reductions. As these objectives
must be achieved while respecting social and environmental values over time, integrated monitoring for
climate change mitigation strategies impact across jurisdictions for REDD+ and beyond is a pressing

necessity.
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Figure 1. The strength of the Stepwise system in explaining best practices, recommending methodological choices and
provisioning data resources. The green zone shows all three components in the monitoring system are well developed to address
the reporting requirements, grey zone point out limited guidance on methodological choices and provisioning of data, and the
red zone indicate sparsely distributed best practices, methods and data.

Figure 2. Opportunities for disciplinary (color zones for carbon MRV, environmental and social monitoring) and scalar
(parallel layers, from global, to national and local level moving outwards) integration for REDD+ monitoring. The colored
concepts and arrows represent current and potential areas for cross-scale integration of monitoring within the corresponding
disciplinary domain. Black arrows and concepts show opportunities for disciplinary integration. We propose that scalar
integration can be achieved through the complementary use of fine- and coarse scale data, with local data collection used to
calibrate, validate and update remote sensing data (for carbon) and spatially-explicit social and environmental data. Disciplinary
integration can also be promoted at the local level. Experiences with community-based monitoring of social (e.g wellbeing,
equity) and environmental outcomes (e.g biodiversity surveys, perception changes in ecosystem services) further than carbon
monitoring (biomass surveys, degradation activities) remain limited but show great potential. We argue that human activity data
provides the needed common ground for assessing interdisciplinary phenomena beyond land use and forest cover change. A
major challenge remains in the coordination of upscaling these data between stakeholders with different focus and priorities at

the national and international level.
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